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Abstract. — Congress is currentK- evaluating the wilderness status of Bureau of Land Management (BLM) public 
lands in Utah. Wilderness areas play main' important roles, and one critical role is the consen ation of biological diver- 
sit\’. We propose that objecti\'es for consen ing biodiversih' on BLM lands in Utah be to (1) ensure the long-term popu- 
lation \ iabilit\' of nati^'e animal and plant species, (2) maintain the critical ecological and evolutional^ processes upon 
w hich these species depend, and (3) presen e the full range of communities, sueeessional stages, and en\ ironmental gra- 
dients. To achie^'e these objectives, w ilderness areas should be selected so as to protect large, contiguous areas, augment 
existing protected areas, buffer wilderness areas with multiple-use public lands, intereonneet existing protected areas 
with dispersal and mo\ ement corridors, consene entire watersheds and elevational gradients, protect native eomimmi- 
ties from invasions of exotic species, protect sites of maximum species di\ersity, protect sites with rare and cmdemic 
species, and protect habitats of threatened and endangered species. We use a few' comparati\ eh' well-studied taxa as 
examples to highlight the importance of particular BLM lands. 

Key u'ords: ivilderness, biodiversity, conservation, Utah, Bureau of Land Management, endemic species, exotic 
species, cryptobiotic soils, plants, bees, veiiebrates. 



The WILDERNESS Act and Biodiversity 

In the Wilderness Act of 1964, Congress 
endorsed the presen ation of federal land in its 
natural state (16 U.S. Code, Sections 1 131-36). 
Congress plainly anticipated that ecological 
considerations were an important dimension 
of the wilderness concept, since the act pro- 
vides that wilderness may contain “ecological” 
features of “scientific, educational, scenic, or 
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historical value” (16 U.S. Code, § II3I [c][4]). 
Ecological concerns have also figured promi- 
nently in several congressional wilderness 
bills for Bureau of Land Management (BLM) 
public lands. Both the Alaska National Interest 
Lands Consenation Act, 16 U.S. Code, § 3101 
(b), and the California Desert Protection Act, 
103 Public Law 433 Section 2 (I 3 ) (I) (B) (1994), 
expressly acknow ledge that wildemess designa- 
tion is intended to protect important ecological 



95 



96 



Great Basin Natl r.\list 



[Volume 56 



values. Among the significant ecological func- 
tions of wilderness areas is their role in con- 
serving biological diversih (biodi\ ersih ). 

In Utali, undeveloped public lands admin- 
istered b>^ the BLM (Fig. 1) can potentially 
play a key role in consen ing the state’s natural 
heritage. The BLM is now pursuing an ecosys- 
tem management policy designed to ensure 
sustainable ecological processes and biological 
dix'crsih' on lands under its jurisdiction (Depart- 
ment of the Interior 1994). By using these 
same criteria to designate wilderness areas, 
Congress could not only advance the BLM’s 
ecosystem management goals but also reduce 
conflict over the agency s multiple-use lands 
(e.g., by diminishing the risk of future endan- 
gered species listings and the accompanying 
regulatoiy limitations). Over the long tenn, it is 
both cheaper and easier to protect species in 
aggregate in their intact, functioning ecos> s- 
tems than to conserve them individualh' in 
fragmented and decimated populations under 
the Endangered Species Act. 

In short, the use of l)iological and ecologi- 
cal criteria to designate BLM wilderness areas 
in Utah is consistent with the legal concept of 
wilderness and would help to avoid future 
conflicts over resoui ce management. 

BioDiVERsm Defined 

Biological diversity — the variety of life in a 
given area — includes three hierarchical com- 
ponents: genetic di\ ersity, species di\ ersit\; and 
ecosystem diversity (e.g.. National Research 
Council 1978, Wilson 1988, Reid and Miller 
1989, Raven 1992). Genetic diveisih' refers to 
the variety of genes within species. Depletion 
of genetic diversity during population bottle- 
necks, or because of inbreeding within frag- 
mented and isolated populations, can threaten 
a species’ survix al by reducing the capacitx^ of 
organisms to adapt to changing environments 
(Soule and Wilcox 1980, Frankel and Soule 
1981). Species diversity, or the numb('r of 
species within a region (species richness), can 
be divided into three major components 
(Whittaker 1972): alpha dix ersih^ (a), the num- 
ber of species in a homogeneous liabitat; beta 
dixersity (j8), the rate of specics-turnoxer 
across habitats; and gamma dixersitx’ (y), the 
total number of species obserx ed in all habi- 
tats xxithin a region. Finally, ecosx stem dixer- 




Fig. I. Map of tlie state of LTah showing (in black) loca- 
tions of all e.xisting roadless areas proposed for BLM 
wilderness status. The BLM formally studied a subset of 
these areas and recommended a portion of studied lands 
for wilderness status. Data are from a Department of Inte- 
rior map of BLM Wilderness Study Areas, BLM Proposed 
Wilderness, and the Utah Wilderness Coalition’s BLM 
Wilderness Proposal. Count) boundaries also are shown. 
Isolated mountain ranges in Utah’s western deserts are 
identified as follows: a = Deep Creek; b = Fish Springs; c 
= House range, and d = XewToundland range (not for- 
mall) proposed or studied for wilderness designation). On 
the Colorado Plateau, e = the Ilenn Mountains. 

sitx consists of the x arictx^ of major ecological 
communities xxithin areas that are heteroge- 
neous in their physical attributes, for example, 
in elcwation or soil txpe. 

Genetic, species, and ecosxstem dixersitx' 
all result from both interaetious betxxeen organ- 
isms and their enx ironments, and interactions 
of organisms xvith one another. The physical 
enx’ironment sets limits on xvhich species can 
inhabit an area, and interactions among those 
species determine x\hich arc most abundant. 
Strategies for preserxing biodixersity must 
therefore take note of all fix ing things in the 
landscape, and the linkages among them. 
Fiuallx; since different species specialize on 
different stages of natural disturbance cycles, 
it is important to presen e a range of eommu- 
nities and ecosystems representing all stages 
in the disturbance cycle. 
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Obji:cti\ ivs 

Tlie success of conserving biological di\’(‘r- 
sit>' witliin a system of protected areas can 
onK^ he assessed in relationslnp to a series of 
selected objecti\x\s. \Ye propose that the con- 
sen ation of Utah’s biological diversit)^ depends 
on (1) ensuring the long-term viability of native 
plant and animal populations, (2) maintaining 
the cntical ecological and e\x)liitionaiy processes 
upon which these species depend, and (3) pro- 
tecting the full range of communities, succes- 
sional stages, and emironmental gradients (e.g., 
lUCN 1978, MacKinnon et al. 1986, Noss 1992). 

Both the size of the network of protected 
areas and the selection of individual wilderness 
areas should be guided l)y these 3 goals. 
Although it is possible to presence a small sub- 
set of species and genotypes in zoological and 
botanical gardens, communities and species 
interactions must be conseiwed in situ. Large 
areas with minimal human intrusion, and witli 
natural processes reasonably intact, are eritical 
elements of an in situ conseix ation strategy; 
the\^ pro\ ide protection for fragile habitats, such 
as easily eroded soils, and preserve habitat for 
reclusive species. Moi'eover, wilderness areas 
offer natural ecosystems some protection from 
the biological invasions that have devastated 
many communities, especially plant communi- 
ties, across Utah. 

Here we describe a strategy, based upon 
widely accepted principles of conservation 
biology (see e.g., Primack 1993, Meffe and 
Carroll 1994), for both selecting critical sites 
for wilderness designation and determining 
tlie amount of habitat that should be pre- 
served as wilderness (see also Bal)bitt 1995). 

Criteria for Selection 
\4able Populations 

Utah eontains approximately 3000 indige- 
nous plant species and v^arieties and about 584 
vertebrate species. Viable populations for most 
of these plants and animals ean be ensured by 
focusing, within ecological communities, on 
species for which the risk of extinetion is 
greatest. Risk-prone species typically include 
those with small populations, large home 
range requirements, low reproductive poten- 
tial, restricted geographic* ranges, or large 
temporal variation in population size (Brown 
1971, Willis 1974, Terborgh and Winter 1980, 
Diamond 1984, Pimm et al. 1988, Belovsky et 
al. 1994, Newmark 1995). Many top predators 



ha\ (* scA’C'ral of these traits. On BI..M lands in 
Utah, examples of such organisms are ri\er 
otter {Liitra canadensis) and both Bald and 
Golden Eagles (Ilaliacclns lencocejdialiis and 
Aqulla clin/sactos). Risk-prone plants include 
Holmgren locoweed {Astragalus liohn^rcniio- 
rmn) and Jones cyeladenia {Cycladcnia limnilis 
var. joncsii), whieh ha\ e highl> speeilie sub- 
strate re({uirements. 

Viability of populations depends on both 
the level of risk one is willing to accept, and the 
time frame over which one wishes to consen e 
the population (Shaffer 1981, Sehonewald-Cox 
1983, Soule 1987). In general, both survival 
time and the likelihood of population persis- 
tence increase with population size. A level of 
risk and persistence that is commonb pro- 
posed as a management goal is a 999^ chance 
of suiA'ival for 1000 years (e.g., Belovsky 1987, 
Armbruster and Lande 1993). 

For large carnivores, the minimum viable 
population necessary to ensure a 99% chance 
of sun ix al for 1000 years is estimated to be 
approximateK^ 10,000-100,000 individuals (Be- 
lovskv 1987). In habitat area, this is equivalent 
to 100,000-1,000,000 km2, or 2.5-25 million 
aeres. Although this area requirement may 
seem remarkably large, documented losses of 
mammalian species from among the largest of 
North American national parks (e.g., the 
10,328-km^ Yellowstone-Grand Teton park 
assemblage) during the last 90 years make 
clear the importance of protecting large areas 
(Newmark 1987, 1995). 

Maintenance of Ecological 
and Evolutionary Processes 

In seleeting wilderness areas, one must 
take care to ensure the maintenance of the 
ecological and ev^olutionaiA^ processes upon 
which all plant and animal species depend 
(Pickett and Thompson 1978, Kushlan 1979). 
Among the most important of these processes 
are natural disturbance and reco\ ery c\cles. 
Ideally, criteria for the selection of wilderness 
areas sliould include information on fre- 
quency, size, and longevity of natural distur- 
bances. Protected areas should be large 
enough to contain minimum critical areas of 
the entire range of recovery stages for each 
community type (Pickett and Thompson 
1978). In western North America, natural dis- 
turbance regimes can encompass tens of tliou- 
sands to millions of acres, as witnessed b) the 
recent and extensive wildfires in Yellowstone 
National Park (Christensen et al. 1989). 
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Two other critical ecological processes are 
migration and dispersal of terrestrial organ- 
isms across landscapes, and of aquatic species 
within watersheds. The selection of wilder- 
ness areas requires that attention he given to 
ensuring that migratoiy pathways are open to 
organisms migrating seasonally along eleva- 
tional gradients. Of particular importance is 
the need to maintain winter ranges and migra- 
toiA^ routes of large mammals such as mule deer 
(Oclocoileiis liemioinis), elk {Cervus elaphiis). 
and moose {Alces dices). 

Interactions among competitors, and be- 
tween predators and pre\; are integral aspects 
of natural ecosystems and should be pre- 
served. For e.xample, in the southwestern 
deserts of the United States, the direct and 
indirect effects of seed predation on plant 
eomnumity structure hiive been documented 
in long-term experiments manipulating densi- 
ties of rodent and ant grani\^ores (Da\ idson et 
al. 1984, Samson et al. 1992). These effects 
include transformation of a shrubland into a 
grassland biome (Brown and Ileske 1990). 
Special care must be taken to eonsen^e popu- 
lations of predators with large area require- 
ments, because extinctions of these species 
can alter whole communities (e.g., b\^ leading 
to outbreak densities oi prc>; which then o\^er- 
exploit their plant resources). Some of the 
strongest evidence for such “trophic cascades” 
comes from the Greater Yellowstone Ecosys- 
tem, where intensive browsing b>' elk has 
greatly altered man\' riparian zones hy the re- 
moval of willows (genus Salix), and has elimi- 
nated aspen seedlings (Populus trcmuloides) 
recruiting from seeds and rhizomes short!) 
after the cxtensi\e 1988 fires. Huge contem- 
poraiy elk herds, numbering -^4(),()()0 indi\ id- 
uals in the park, and 20, ()()() in the northern 
herd alone, are likely the result of reductions 
in the hill complement of large predators (Kay^ 
1990, Wagner et al. 1995). Gonsiderable e\ i- 
dence also suggests that deer and elk herds in 
Utah average significantly larger at present 
than during any extended period in the histor- 
ical past (Durrant 1950, Inlander 1962, Harper 
1986). 

Stratecils for Selectint; 
Wilderness Areas 

Landscape-wide Priorities 

Given the large area recpiirements of many 
extinction-prone Utah species, it is important 
to protect large, eontignoiis land blocks. In 



designating wilderness areas, high priority 
should be gi\en to lands whose selection 
would enlarge and connect existing protected 
areas (e.g., national pai'ks, wildlife refuges, and 
Forest Service wilderness areas) and thus 
enhance the viability of animal and plant pop- ^ 
Illations (Newmark 1985, Salwasser et al. 1987, 
Noss 1992, Grumbine 1994). By themselves, • 
BLM wilderness areas in Utah clearly cannot H 
satish^ the huge area requirements noted abo\^e 
as reciuisite for maintaining viable populations 
of large earni\ores. However, when linked to i 
other public lands (e.g., Utah’s national parks, i 
and wilderness areas in other states), BLM * 
wilderness in Utah can be a key component of 
strategies for long-term presemition of biolog- 
ical di\'crsit)'. 

Other high-priority areas are those which, 
alone or together with other protected areas, 
encompass entire watersheds. In addition to ^ 
affording direct benefits to humans, wntei'shed 
protection is the most effectix^e means of eon- 
serxing the aquatic and riparian communities 
that account for a disproportionate fraction of 
both species dix^ersitx’ and endangered and 
threatened species in arid xx'estern North 
America (Miller 1961, Minekley and Deacon 
1968, 1990, Holden et al. 1974, Johnson et al. 
1977, Gross 1985, Knopf 1985, MoxJe and 
Williams 1990). Moreoxer, since populations 
of riparian species are usually isolated from 
similar communities in other drainage systems, 
species losses from these environments are 
not easilx' remedied bx^ natural reeolonization. 

A 3rd prioritx' in selecting xvilderness sites 
is land that forms or helps to complete the pro- 
teetion of entire elexational gradients, for ' 
example, in isolated mountain ranges of the ' 
Great Basin. Scant attention paid to consenang 
these gradients in the past is evident in the 
restriction of most national parks and xx ildcr- 
ness areas in xx estern North America to higher 
elexation sites. Designation of xx ilderness in 
comparatix eix loxv elexntion BLM lands xxould 
afford protection to regions of greatest species • 
richness for manx^ organisms (e.g., mammals, 
birds, amphibians, insects, and trees) xvhose 
dixersity generally declines xxath elexntion 
throughout much of xx estern North America 
(Harris 1984, Stevens 1992). 

Optimal Design Goals 

If BLM xx ilderness areas are to contribute 
substantially to the preserxntion of biodix er- 
sitx’ in Utah, then site selection must take into 
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accoiiiU the 3 general goals ontlinecl above. 
Iclealh, BLM wilderness lands should form an 
intereonneeted core zone ol roadless lands 
when combined with other federal wilderness 
areas, national and state parks, and wildlife 
refuges (Fig. 2). Special attention should be 
given to linking roadless lands so as to pre- 
clude further fragmentation of natural habitat. 
Fragmentation, or the transformation of an 
unbroken block of natural habitat into a num- 
ber of smaller patches separated by altered 
habitats, reduces population sizes, increases 
their isolation, and threatens their long-term 
viabilit). It is one of the greatest threats to bio- 
logical diversit)^ worldwide (\\alcox and Mur- 
phy 1985, Wilcove et al. 1986, Saunders et al. 
1991), Across di\ erse habitats, there are numer- 
ous examples of species extinctions precipi- 
tated by both natural and human-induced 
habitat fragmentation (e.g., Brown 1971, Ter- 
borgh and Winter 1980, Diamond 1984, 
Heane\^ 1984, Patterson 1984, Newmark 1987, 
1991, i995. Case and Codv 1988, Soule et al. 
1988, Bolgeretal. 1991). 

Adjacent multiple-use lands can buffer 
human impacts on biological di^ ersit)' within 
wilderness areas. Such lands can be expected 
to pro\ide marginal habitat for the man>^ species 
that are restricted primarily to more pristine 
wilderness regions. Thus, proposed wilder- 
ness areas surrounded by public lands should 
recei^ c high priority for protection. 

Ex.\mples of Rare and 
Endemic Species 

The design advocated abo\e is based 
largely on consen^ation strategies for pi'eseiw- 
ing wide-ranging ^'ertel)rate species. Although 
such strategies can help to ensure the long- 
term ^iability of most species within a given 
region, exclusive reliance on such approaches 
may well o\ erlook and endangei' man\' localK' 
isolated, rare, and endemic plants and animals. 
We cannot gi\^e a comprehensive treatment of 
this subject here, but we discuss 3 taxonomic 
groups of organisms for which especially high 
rates of endemism or existing threats to iso- 
lated populations present particular manage- 
ment dilemmas that should be taken into 
account in wilderness decisions. In most cases, 
specific habitats must be protected to assure 
the presentation of these species. 

Plants of Special Concern 

Unlike the wide-ranging animals discussed 
above, plants occupy fixed positions; they and 
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lag. 2. An e.xample of a preferred arrangement of 
wiklerness and multiple-use federal and state lands to 
eoMserve biological di\ersity. Wilderness areas adminis- 
tered b\- the Bureau of Land Management, Forest Ser\ iee, 
National Park Ser\iee, and Fish and \\"ildlife Service 
shoidd form a contiguous core zone in which the most 
extinction-prone species in Utah can be protected. Multi- 
ple-use lands can effectiveb buffer tliis core zone and 
pro\ ide additional marginal habitat to species that are pri- 
marib restricted to roadless areas. 



their genes move about onb^ through the pro- 
cesses of seed dispersal and pollen transport. 
Therefore, it is not surprising that many plants 
have narrowb' restricted ranges, are locall> 
adapted to conditions within those ranges, and 
are isolated, often b\' great distances, from 
other sites where similar conditions prevail. 
Although loealb endemic plants can often be 
relatively abundant inside their ranges, their 
populations are easily jeopardized b\' habitat 
alteration (e.g., by all-terrain vehicles) within 
their narrow distributions. Of Utah’s approxi- 
mately 2600 plant species and 400 named 
varieties (Albee et al. 1988, Welsh et al. 1993), 
about 180 (or 7% of species) are currently clas- 
sified hy federal or state agencies as endan- 
gered, threatened, or sensitive. A majority of 
these (133, or '^74%) definitely or probably 
occur on BLM lands (Atwood et al. 1991), and 
a substantial subset of the classified species 
are narrow endemics. 

Shultz (1993) provides a useful siimmaiy of 
endemism in the Utah flora. Approximately 
240 species, or 10% of all Utah plant species, are 
endemic to the state. This rate of endemism, 
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the percentage of tlie flora considered for list- 
ing as threatened or endangered, and the per- 
centage of rare species in the flora are amoiig 
the Inghest in the continental United States. 
The vast inajonU (86^) of UUih endemics reside 
in arid and semiarid regions of the state, and 
90% are edaphicalh restricted to fine-textured 
and/or higli pH substrates (limestone, clay, silt, 
mudstone, and shale) that magnib drought 
stress. Plant distributions generally appear to 
respond more to edaphic, topographic, and 
geologic features of the cn\aronment when 
drought is a factor (Stebbins 1952). Because 
most endemics li\e in close pi'oximity to mor- 
phologically similar species (Albee et al. 1988), 
these species appear to be mainb neoendemics 
that liave e\nlved since the last glacial maxi- 
mum (18,000 yrs BP), or in the Bonne\ ille basin 
during the past 10,000 \ rs. 

Geographicalb; endemism of Utah plants is 
highest in the Cain onlands Ph) togeographic 
Section of the Colorado Plateau Di\asioi:i of 
the Intermountain Region (Cronquist et al. 
1972, Fig. 3 modified from Shultz et al. 1987). 
An unusual diversiU^ of substrates occurs here, 
and these substrates are more apt to be exposed, 
rather than co\ered with allmaum as in other 
areas of semiarid Utah (Welsh et al. 1993). Thus, 
fully 50% of Utah’s 240 rare and endemic 
plant species occur on tlie Colorado Plateau, 
whereas just 15% occur in the Great Basin, 
11% in the Moja\e Desert, and 10% in tlie 
Uinta Desert (Welsh 1978, Shultz 1993). 
About lialf of Utali’s endemics belong to just 5 
genera that are both common and pin biologi- 
cally adapted to aridity (total Utah species and 
percent endemics, in parentheses): Astragalus, 
Fabaceae (114, 30.8%), Pensteuum, Scrophulari- 
aceae (106, 26.4%), Cn/j)ta)itha, Boraginaceae 
(61, 36.1%), Eriogo)iW)i, Polygonaceae (60, 
23.3%), and Eiigeron, Asteraceae (54, 24.1%; 
Welsh et al. 1975, Welsh 1978, Shultz 1993). 

Because most of the state’s endemic plants 
are restricted to particular geologic formations, 
and because multiple endemics often occur on 
the same formation, groups of endemics gen- 
eralK' can be protected simultancousb hy safe- 
guarding those soil formations and surround- 
ing areas. Two regions where large numbers of 
endemics stand to benefit fioin nilderncss 
protection ol BUM lands are the Uinta Basin 
and the San Rafael Swell and surrounding San 
Rafael Desert (Fig. 3, Table 1; M. Wmidham 
personal communication). No fewer than 15 



plant species are endemic to the region in and 
around the proposed wilderness area (PWA) 
near the ^Vhite Ri\ er south of Vernal (UWC 
1990), and most of tliese are confined to the 
Parachute and E\ncuation Creek members of 
the Green River Shale formation. Another 
dozen endemics occur in a di\ ersih' of habi- 
tats in and around the San Rafael Swell. Here 
the most important habitat is a beige (rather 
than red) Moenkopi formation, spatially iso- 
lated from other Moenkopi outcrops and un- 
usual in its soil cljcinistiy. A few endemics also 
occur on the younger Carmel and Suminer- 
\ille formations surrounding the core of the 
swell, especially between Muddy Creek and 
Crack Can\'on (S. ^^"elsh personal eommunica- 
tion). Wilderness designation in these 2 regions 
(the San Rafael PWA and the White River 
PWA of the Uinta Basin [Fig. 3]; see UWC 
1990) could afford significant protection to some 
of Utah’s endemic plants. South and east of 
the San Rafael, in the Dirty De\ il PM^A (UWC 
1990), are the distincti\ e flora of the Orange 
Cliffs region (Fig. 3) and some additional nar- 
row endemics desen ing protection in the Main 
and South forks of Happy Canvon (Shultz et 
al. 1987). 

The Moenkopi formation is also important 
as a substrate for endemics elsewhere in semi- 
arid Utah. Two federal!) listed endangered 
species, Arctomecon liumilis (the dwTirf bear- 
claw' popp)0 and Pediocactiis sileh (a cactus), 
and se\ eral other species are endemic to par- 
ticular Moenkopi outcrops in southwestern 
Utah. \Miere\'er possible, the boundaries of 
wilderness areas and other protected areas 
should encompass these specialized habitats. 

Bees and Wasps in the 
San Rafael I9esert 

Because of their capacit)’ for directed mo\ e- 
ments, animals are less likeb' than plants to 
exhibit high rates of endemism. Nev ertheless, 
since insects often tend to be host- or habitat- 
specific (e.g., in pollinators, herbi\ores, or sub- 
strate-specific ground nesters), endemism can 
often be high in insect taxa. Bees and wasps 
(order Ihmenoptera) are examples of such 
insects. Here, as elsewhere, bees and preda- 
tor)' w'asps are especial!)' di\ erse in arid regions 
(Michener 1979). The state supports a mini- 
mum of 950 species of native bees (roughly 
25% of the total number of species known 
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Fig. 3. Satellite image of Utah showing the positions of the San Rafael Sw ell, the San Rafael Desert, and tlu^ Orange 
Cliffs, all within the Canyonlands Ph\'togeographic Section, outlined in hold. The arrow in the Uinta Basin shows tiu' 
approximate position of the W’hite River PWA (Utali ^^^ilderness Coalition 1990). 



from America north of Mexico), and 50 of the 
Utah species are currently undescrihed (T, 
Griswold, E Parker, and V. Tepedino personal 
communication). Many areas, especially in the 
southern part of the state, hav^e not been 
explored intensi^^ely and undoubtedly harbor 
man)^ additional undescribed species. 

Bees and plants often show comparable geo- 
graphic patterns in diversity and endemism 



(Neff and Simpson 1993), and many ol the areas 
currentb^ under consideration for wilderness 
designation in Utah are centers ol endemism 
for l)oth groups. Although w e lack extensix e in- 
formation on bees of the Canyonlands Section 
(Fig. 3), where endemism is highest for plants 
(see above), intensive collecting in that small 
part known as the San Rafael Desert has 
yielded a total ol 316 species ol bees, 42 of 
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Table 1. Plants eiuleiuic to tlie 2 areas witli the highest entlemisin on Utah Hl.M lands. 


Endemies of the southern Uinta Basin 


Paidemies of’ the San Rafael Swell 


hai'iicbyt Miinz (Rannneiilaeeae) 
Astm^dhis eqiiisolctisis Neese iN Welsh (Fahaeeae) 
A. lumiilfonii C. Porter 
A. hit os us Jones 
A. sauriuiis Barneln- 
Cirsiuin hantchyi Johnst. (Asteraeeae) 

Cryptantha barnebyi Johnst. (Boraginaeeae) 

C’. gnihamii Johnst. 

Cymo))tcris (biclicsncnsis Jones (Apiaceae) 
Pcnstcinon JloiL'crsii Neese \Mdsh 
(Sero]4mlariaceae) 

P. goodrichii N. Holmgren 
P ^rahantii Ki'ek 

Schocucrambc urgillaccd (Welsh 6c AB\ood) 

Hollins [ Brassicaceae) 

S. suffriitcscnis (Rollins) Welsh 6c Chatterly 
Sclerocdctus gidiiciis (K. Schnm.) L. Benson 


Astrdgdlus rafdclc lists Jones (Fahaeeae) 

Crypidutha crcutzfcldii Welsh (Boraginaeeae) 

C. johusfonii Higgins 

C. joiwsidiui (Pa\ son) PaN Son 

Erigcron nuKpitrci Caomjuist (Asteraeeae) 

Lmiuitiimi jiiiicniin Barneb\ 6c X. Holmgren (Apiaeeae) 
Lygodesmia cntnidd Welsh 6c (^oodrieh (Asteraeeae) 

Pcdiocactiis despuinii Welsh 6c Goodrich (Cactaeeae) 

Pciistemon marcustt (Keek) X. Holmgren (Scrophulariaceae) 
Srhocncrditibc barnebyi (\\'elsh 6c Atwood) Rollins (Brassicaceae) 
Tdlininn 1 1 to nq iso nit Atwood 6c Welsh (Portulacaceae) 

Totvnscndid aprica Welsh 6c Re\ eal (Asteraeeae) 



which are presentK iiiKlescrihed (T. Griswold, 
E Parker, and Tepedino personal communi- 
cation). Tims, 33^ of the state's total species 
eoimt, and S49f of L tah s nndescrihed (but 
catalogued) species, are endemic to a region 
comprising just 2.09r of the state’s land area. 
Furthermore, a significant portion of this fauna 
(24^) occurs only on the Colorado Plateau. 
The remainder of the Cain onlands Phx togeo- 
graphic Section, in which the San Rafael Desert 
is embedded, is likcK' to be cciualb' dixerse 
and to ha\ e as many new species. 

Other hymcnopteran groups, such as the 
aculeate wasps, also arc highb' dix erse in the 
San Rafael Desert (T Grisxx old, K Parker, and 
Tepedino personal communication). For ex- 
ample, xxith a total of 22 species there, the cir- 
eumglobal genus Pliihnithns is more dixerse in 
the San Rafael Desert than anxxxhere else in 
North America, and probablx’ the xx orld. These 
predatorx' “digger xx asps ’ nest in the soil and 
max' hax e dix ersified in response to the x aried 
substrates present in this desert. Clearlx; des- 
ignation of xx’ilderness in the San Rafael region 
(see VWC 1990) could afford significant pro- 
tection to an area of x ery iiigh endemism and 
dix ersitx' for the order 1 lymenoptera. 

Bees and xxasps are among the most benefi- 
cial insects. Predatorx' and parasitic xxasps !u4p 
to control populations of pest species (e.g., 
grasshoppers, aphids, etc.) beloxx' outbreak 
densities. An estimated 679^ ol lloxxering plants 
depend on insects (primarily bees) for pollen 
transfer and sexual reproduction (Axlerod 
I960), and the xxelfare of many plant species 



in semiarid Utah assuredlx’ depends on their 
relationships xxith bees. For example, a rare 
species of Pevdita. found in Utah onlx' at the 
BecHixe Dome site southeast of St. George, 
pollinates the rare and endangered dxvarf bear- 
claxx' poppx' (\"; Tepedino personal communica- 
tion). Bees tluit hax e specialized by collecting 
pollen onlx' from floxx ers of a particular plant 
tamilx', or exen from a single genus xxithin a 
familx, are termed oligoleges. Such bees tend 
to be most common in arid regions (Neff and 
Simpson 1993) and generallx' are regarded as 
being closclx' adapted to the phenologx’ and 
floral traits of the plants on xx hich thex’ spe- 
cialize. Such adaptations tend to make them 
superior pollinators. S(|uash bees and squash 
lloxx ers are examples of such a co-adapted pair 
in the Americas (Tepedino 1981). Some oligo- 
leges max one dax' proxe to be useful as crop 
pollinators. The legume specialist Osmia san- 
raj(icl(u\ a natix e of the Sau Rafael Desert, has 
been inxestigated as a potential pollinator of 
alfalfa {Mcdica^o sativa L.), an important for- 
age crop (Parker 1985, 1986). Manx' of the 
species of the San Rafael Desert appear to be 
oligoh'ges. A brief list of some of the unde- 
seribed and recc'utly described l)ee species 
and their host plants is proxided in Table 2. 
These entries xxere chosen onix' to illustrate 
the xarietx' of plant taxa upon xxhich natixe 
bees specialize. 

Natix e and Endemic Fishes 

Freshxxater ecosystems are natural habitat 
“islands as such, their loug-term isolation bx' 
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'I'ahU'; 2. PolliMi picliLTtMK'os (or r(“pros(Mitati\v oli^olectic hoes in the San I^alat'l IX^serl (data from T. Oisuold V. I^arkt r 
and \' depc'dino personal eominiinieation). 



Plant famiK 


Plant i^canis/spfcics 


H(‘t' sp(‘ci<‘s 


Asteraceae 


Ui’liantlws anowoliis 


Perditd m. Uilicinctd ''- 
Ih’SfHTdpis sp.* 




Wyctliid srahrd 


Perditd holidiiorum 


Hora.iiinaceae 


Coldeuid 


I^erditd (1 IdtcrojH'rdildi sp.* 




Stdulei/d 


Pcnlild nr. zclmtld''’ 


Eiij)lK)rl)iaceae 


Ejiplwrlnd }Hirrij\ 


PcnPitd nr. ldh(Tf:,(’i'* 


Pa! )aceae 


Aslvd<^dlus 


Aslimcddirlld nr mirhruni* 


l^oasaccae 


3 len tzcl id wult [fiord 


Perdild miilfillordd 


Onaj^rac-eae 


Cdmissouid 


OujoHrcd sp.* 


Papavei’aceae 


Ar^nuour 


Perditd life 


Polemoin'aceae 


Gilid 


Perditd nr. <^iiide* 

Pe rditd elo] i^dti c e})s 


Scroi:)Iinlariaceae 


Peustemon 


Authoeopd sp.* 



* L'ndesenl)ecl spi'cifs 



iiitenenin^; terrestrial hal)itats, or by iinsiiitalile 
aquatic habitats, often promotes local special- 
ization, evolntionaiy diversification, and endem- 
ism in aquatic organisms. Seven centers of 
endemism are recognized for fishes of western 
North Amenca (Miller 1959), and Utah ineliides 
substantial portions of 2 of these centers, the 
Bonne\ille Basin and the Colorado River 
Basin. Collectively, 28 fisli species are natixe 
to these basins (Smith 1978), and 27 are extant. 

Because of their limited distributions, en- 
demic species are easily endangered by both 
habitat alterations and introductions of nonna- 
tix^e competitors and predators. Sexxm species 
and subspecies from the Bonneville and Col- 
orado basins are now federalK^ listed as endan- 
gered (U.S. Fish and Wildlife Serx ice 1993). A 
further 11 species and subspecies are consid- 
ered bx^ fishery specialists to be endangered, 
threatened, or of special concern in Utah (War- 
ren and Buir 1994). The decline of native 
fishes has been associated xvith botli xvater- 
shed dex elopment (e.g., reserx oirs, irrigation 
diversions, channelization, floodplain drainage) 
and the introduction of alien species. 

Conservation of endemic fish populations 
lias been especially sueeessful xxdien much of 
the xvatershed has been protected (Williams 
1991), but adherence to strict legal definitions 
of xvilderness often precludes such xvide- 
spread protection. In Utah, opportunities for 
protecting entire xvatersheds are limited to 
relatixely small drainage systems extending 
from stream headxvaters in mountain ranges of 
the Bonnex ille Basin to dry or saline lake beds 
at loxx'cr elexations. A particularly important 
case is in the Deep Creek Range, xvhere the 



Bonneville cutthroat trout (Oncorlujnchus clarki 
Utah), once thought to be extinct (Bchnke 
1992), suiwixxxs in populations in Trout Creek 
and Birch Creek xx ithin the Deep Creek PWA 
(UWC 1990). 

Where protection of xvhole xvatersheds is 
not possible, xx ilderness that includes key habi- 
tats may help to stabilize declining populations 
of natix e fishes, preclude nexv listings and draft- 
ings of recox^cry plans, and promote recox eries 
and delistings. This should be the case most 
often for fishes living in headxvater streams 
protected bx natural and artificial doxxiistream 
barriers from unintended inxasions of alien 
cold-xx^ater species. Foi' example, habitat in the 
upper Book Cliffs-Desolation Canyon PWA 
may support the Colorado Rixer cutthroat trout 
(Oncorlujnchm clarki plcnrificus), considered 
tlie rarest of the cutthroat taxa (Behnke and 
Zani 1976) and federallx listed as a categon- 2 
species (Keichner 1995). Although the region 
has not been surveyed for this subspecies, 
native populations occur in streams entering 
the Duschesne Rix er from the north (Shiozaxx a 
and Ex ans 1994) and hax e recentlx’^ been found 
in streams of the xx estern Book Cliffs, closer to 
Price and Soldier Summit (Shiozaxx a and Ex ans 
unpublished data). Gix en these obsen ations, it 
is likelx' that streams floxxing into the Book 
Cliffs-Desolation Canx'on FWA xxall also con- 
tain this subspecies. 

In relatively large doxvnstream sxstems 
(secondary and tertiary streams), kex' habitats 
include floodplain xvetlands, among the first 
habitats to be lost due to human actixities. 
Although xxetlands have been xiexved tradi- 
tionally either as breeding sources for insect 
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pests or as waterfow l production sites, periodic 
or continuous connection to rivers renders 
them important appendages to lotie systems. 
Densities of aquatic invertebrates are signifi- 
cantK^ higher in w^etlands than in main river 
channels, over lOO-fold in some cases (Wolz 
and Shiozawa 1995, Mabe\^ and Sluozaw^a 
unpublished data). Floodplain wetlands can 
therefore serve as important nurseiy grounds 
for lan al and immature native fishes. 

Tlie loss of wetlands may be a significant 
factor endangering several nati\ c fishes in the 
Colorado River (Tyus and Karp 1989). Fishes 
nativ^e to the larger streams and riv ers of the 
Colorado Riv er Basin are predominantly min- 
nows (Cv prinidae) and suckers (Catostomidae) 
that have evolved in isolation, are adapted to 
unique local conditions of this drainage (e.g., 
heavy silt loads and wide fluctuations in dis- 
charge and temperature), and are the most 
morphologically distinct fishes in North Amer- 
ica (Hubbs 1940, 1941, Deacon and Minekley 
1974, Minekley et al. 1986). Four of these 
native species, the Colorado squawfish {Pty- 
chochcilns Iiicins), the humpback chub {Gila 
cypha), the bonytail chub {Gila elegans), and 
the razorback sucker {Xyranchcn tcxanus), are 
now federallv' listed as endangered. The decline 
of both the bluehcad sucker {Catostomns [Pan- 
tostcus] discoholiis) and the flannelmoutli sucker 
{Catostomns latipinnis) within the main stems 
of the Colorado and Green riv ers mav^ result in 
their listings as threatened, especially if popu- 
lations in tributaiy streams are not stabilized. 
Sev^eral of these species occur in areas under 
consideration for wilderness status. Both the 
Piice Riv er, in the Book Cliffs-Desolation Can- 
V on PWA, and the San Rafael Riv^r, in the San 
Rafliel PWA, have populations of roundtail 
chub, flannelmouth sucker, and bluehead sucker. 
Bluehead sucker are also known from the 
Dirty Devil and Muddy Creek drainages (Smith 
1966), and both flannelmouth sucker and round- 
tail chub are likely to occur there. Wilderness 
designation could broaden the protected ranges 
of several of these species by stabilizing wet- 
land habitats in the Dirty Devil, San Rafael, 
and Book Cliffs-Desolation Can von PWAs. 

Although the Virgin River drainage is also 
part of the Colorado River Basin, it has a 
unique fish fauna that appears to have evolv ed 
in isolation from populations in other parts of 
the basin. The Mrgin River spinedace {Lepi- 
domcda moUisj)i)iiis), the vv'oundfin {Plagoptcnis 



argent issimiis), and the Virgin Riv er chub {Gila | 
robusta seminiida) are endemic to this system. 
Two additional species, the flannelmouth sucker 
and the desert sucker {Catostomns clarki), 
havo evolved vorv slender caudal peduncles, 
possibly as a response to occasional high flows 
in the Virgin River (Smith 1966). 

The health of this unique fish fauna alreadv^ ! 
is eause for concern. Two of the endemics, the ^ 
vv oundfin and the Mrgin Riv er chul), are feder- 
ally listed as endangered. Although the desert 
sucker occurs in Arizona, Ncvoda, and New | 
Mexico, this species merits special concern in 
Utah (Utah Division of Wildlife Resources 
[UD^^"R] 1992), where it is limited to the Virgin 
River drainage. Loss of either this species or 
the flannelmouth sucker from the Mrgin River 
system would eliminate only a subset of their 
existing populations and is unlikely to move ' 
either species to endangered status. Hovvev er, 
the uniqueness of these populations (Smith 
1966) may vv^arrant their designation as sepa- 
rate subspecies. This, togetlier with the concern 
now evidenced for the flannelmouth sucker 
throughout its range, could easilv' translate into 
candidacy for listing if existing populations are 
not protected. 

Concern for nativ e fishes of the Virgin Riv er 
drainage has alreadv' constrained wnter dev^el- 
opment in Washington County, UUili. Any actions 
that vv^ould help presen e the integritv^ of ripar- 
ian habitat and stream channels would also 
reduce stress for these fishes. Since the integ- 
ritv^ of riparian habitats is best maintained over 
large areas, wilderness designation in PM^As of 
the Beav^er Dam slope and the greater Zion 
area w ould sen e this purpose. 

Finallv; protection of Utah’s rare and en- 
dangered fishes would likelv^ also afford signif- 
icant protection to other aquatic organisms, 
for e.xample, Utah’s diverse communities of 
aquatic insects. Reciprocally, the maintenance 
of high species div ersitv' in stream insect com- 
munities is critical to assuring a continuous 
food supply to fishes in rivers with wide sea- 
sonal and annual fluctuations in flow rates. 

Mav flies (Ephemeroptera) are among the best- 
studied stream insects in Utah, and 16-18 
genera (22-24 species) are know n from w arm 
vv ater tributaries of the Colorado River system 
(C. Edmunds personal communication). Con- 
struction of reservoirs on these rivers has 
alreadv^ inundated manv^ river miles and altered 
flow' rates, sediment loads, and downstream 
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temperatures. Ma\41ies and other acpiatie inseets 
are liiglily sensitive to all these \ariahles. 
Unnaturally eonstant temperatures in tailwaters 
beneath dams ean lead to depauperate eom- 
mnnities of ina\ flies and other stream inseets, 
for example, below Flaming Gorge Resenoir 
(Edinnnds 1994, 1995). (Four mayfly genera 
from this area of extremely high natural diver- 
sity have not been eolleeted sinee the dam was 
built.) Habitats rieh in mayflies and other 
aqiiatie inseets, and most in need of proteetion 
from future impoundments, include the Green 
River from the Golorado border to Ouray, 
Utah, and the Golorado River from the Golo- 
rado border to xMoab, Utah. Relatively warm 
sections of the Duchesne, Uintah, White, 
Escalante, Virgin, and Santa Glara rivers 
would also be sensitive to manipulations of 

I stream flows. 

I Ex.\mples of Biologically 

Important Sites on BLM Lands 

The floi as and faunas in different parts of 
Utah have unique ev^oliitionaiy histories deter- 
mined by the geography and topography of 
the lands they inliabit. In this section, we dis- 
cuss 4 such sites in the context of important 
scientific criteria (outlined al)ove) for wilder- 
ness site selection. We also review various sci- 
entific and educational values of these same 
sites. 

Book Gliffs and the Tavaputs Plateau 

For several reasons, the Book Gliffs and 
Tivaputs Plateau areas, along both sides of the 
Green River, are critical for the long-term con- 
servation of biological div^ersity in Utah. This 
region contains some of the largest remaining 
roadless areas on BLM lands in Utah (Fig. 1) 
and therefore provides important habitat for 
sensitwe species with large area requirements. 
It includes broad elevational gradients with 
the potential to protect a wide range of natural 
communities and to maintain crucial routes 
for seasonal wildlife migration between high 
and low elevation. Furthermore, it constitutes 
a vital dispersal conidor linking the Uinta moun- 
tains to the north and the Golorado Plateau to 
the south. 

Because of both the high habitat diversity 
and the central location of the Book Gliffs- 
TavMputs region, the biota is unusually diverse 
and compositionally unique, and includes many 
species at their distributional limits. Among 



reptiles and amphibians, for example, the (neat 
Basin spadefoot toad (Scaphiojnts intennon- 
tauus), the western whiptail lizard {Cmini- 
(loj)lwrus ti^hs), and possibly tlu^ rubber boa 
{Cliari}ia bottac) reach their eastern distribu- 
tional limits here. Three additional species, 
the longnose leopard lizard {Gamhclia ids- 
lizeuii), the collared lizard [Crotaphijtus col- 
laris), and possibly the plateau striped whip- 
tail [Cnemulophorus relax) are represented 
here by “edge” populations at the pcri])heiy of 
their respective ranges. Other species, such as 
the northern leopard frog [Rana pipiens), east- 
ern fence lizard {Scelojwnis uudulatiis). Great 
Plains ratsnake {Elcphe guttata), and the Utah 
milk snake [Lampropeltis trkingulwn), have 
their westernmost limits in this region (Steb- 
bins 1985, unpublished BYU museum records). 
While none of these species is federally listed 
as threatened or endangered, a few are so 
listed by the state (UDWR 1992). Moreover, 
geographical!)' peripheral populations such as 
these are particularly important as dynamic 
foci of evolutionaiy change (e.g.. Brown 1995, 
Lesica and Allendorf 1995). 

The Book Gliffs-TavTiputs region also sup- 
ports a rich mammalian fauna. Although our 
knowledge is far from complete, the area con- 
tains at least 62 nativ^e species, including a rel- 
atively stable population of black bear {Ursus 
amcricamts; 11. Black personal cominunieation). 
Recent fieldwork has resulted in records for 6 
species previously unreported from the region 
(D. Rogers personal communication); these 
include Merriam’s shrew {Sorex merriami), 
dwarf shrew (8. nanus), water shrew (S. j)alus- 
tris), big free-tailed bat {Nyctiuomops macrotis), 
northern flying squirrel {Glaucomys sahrinus), 
and western jumping mouse {Zapus princeps). 
Of these species, S. merriami, S. nanus, and N. 
macrotis appear to be rare throughout their 
known distributions. More fieldwork is likelv' 
to pioduce additional records for this region. 

Isolated Desert xMountain Ranges 

The isolated mountain ranges in Utah’s Great 
Basin and Golorado Deserts are extremely 
important biologically because of their role in 
maintaining critical ecological and e\'olution- 
ary processes. Because of their broad elev'a- 
tional gradients, extending from high peaks to 
desert valley floors, these ranges support a 
wider variety of habitats and a greater di\^er- 
sity of species than do areas of comparable 



106 



Great Basin Natl iulist 



[Volume 56 



size hut less ele\ atioiial relief. This character- 
istic also enahles them to support the seasonal 
migrations of animals ranging from large ungu- 
lates to small passerine birds. Furthermore, 
these mountain ranges have outstanding sci- 
entific value because the)' represent cool and 
mesic habitat islands in an otherwise warm, 
arid landscape. Their natural communities ha\ e 
developed through intermittent periods of 
extreme isolation (Gra> son 1993). Coupled with 
the great geological diversity of the region, 
this isolation has led to the formation of 
unique plant assemblages, often including rare 
local endemics (Albee et al. 1988, Welsh et al. 
1993). By illustrating how populations and 
eoinmimities of habitat islands are modified 
through colonization and extinction, these 
mountain ranges ha\ e played a major role in 
the development of theories of geograpliieal 
ecology and biogeograph}^ (Brown 1971, 1995, 
Grayson 1993, E. Rickart in preparation). 

Portions of se\ eral isolated mountain ranges 
are represented vithin PWAs on BLM lands 
(UWG 1990). Sueli ranges include the Henry 
Mountains of the Colorado Plateau and the 
Deep Creek, Fish Springs, House, and New- 
foundland ranges of Utah’s west deserts (Fig. 
1). As the most isolated range in Utah, the 
Newfoundland Mountains in Box Elder Counh' 
are espeeialh' distinctive. At 2129 m above sea 
Ie\ el, Desert Peak and a considerable area of 
surrounding uplands would luive existed as an 
island throughout the histon^ of ancient Lake 
Bonnex ille. Currentb, the range forms a 154 + 
km^ island of arid to semiarid \egetation 
immersed in a salt playa sea. No doubt salt 
marshes have coxered the present salt flats 
periodicalh as the lake has adxaneed or 
receded in response to glacial and interglacial 
climates. The range has therefore been an eco- 
logical island throughout nearly 2 million years 
of Pleistocene and Quateniaiy time. Given such 
long isolation, these mountains ha\e much to 
teach scientists about the persistence, local 
extinction, xagiliU; and ex olutionan dx namies 
of a variety of animal and plant species that 
either live thei’e now or ha\ e li\ ed there in the 
past. In Utah and elsewhere in the intermoun- 
tain region, knowledge of these topics w ill be 
important in the future as land managers tr\’ to 
anticipate plant and animal responses to the 
increasing fragmentation and isolation of nat- 
ural habitats within the human-dominated 
landscape (Brow n 1995). 



Mojax e Desert in Southxvestern Utah 

Washington County includes Utah’s only 
repi’csentative of the Mojax e Desert, a xx arm 
desert commonly recognized bx biogeogra- 
phers as R ing betxx een the Great Basin Desert 
to the north and the Sonoran Desert to the 
south (Shrex e 1942, Jaeger 1957, RoxxTinds et al. 
1982, MaeMahon 1986). The Mojave Desert is 
physieallx^ part of the Basin and Range Geo- 
logical Province, but it is cliaracterized by rel- 
atively loxv elevation ox er most of its area (600 
to 1500 m abox e sea lex cl) and by both limited 
precipitation (100-275 mm annually in most 
places) and xvarm summers (35°-40°C mean 
maxima for July; see MaeMahon 1986). The 
uniqueness of the physical enx ironment of the 
Mojax'c is reflected in its biota. Characteristic 
plants include the Joshua tree {Yucca brcvifolia), 
creosote bush {Larrca fridentata), xvhite bur- 
sage {Ambrosia diimosa), brittle bush {Encclia 
farUiosa), and sex eral species of saltbush {Atri- 
plcx). Of these, the Joshua tree can be consid- 
ered endemic, and if the distribution of this 
species is used to define the boundaries of the 
Mojaxe Desert, then the desert coxers a sub- 
stantial portion of southeastern California, the 
southern cone of Nex ada, the northxvestern 
and xx est central parts of Arizona, and the ex- 
treme southxx estei'n corner of Utali. 

Judicious designation of nexv xxildeniess areas 
in this eornei* of the state could help to safe- 
guard the many components of Utah’s biologi- 
cal dixersitx that are endemic to the Mojaxe 
Desert and the associated Mrgin Mountains of 
northxvestern Arizona and adjacent Nexada. 
Figure 4 details land oxx nership in this region 
of \\'ashington Countx. Because so much of 
this land is already in the public domain, there 
is opportunity for biodixersity eonserxation 
xxith minimal disruption of economic actix ity. 
Protected areas include Zion National Park, a 
substantial xvilderness in the Pine \hlley 
Mountains of the Dixie National Forest (no. 1 
in Fig. 4), the Upper Mrgin Rix er Desert \Mld- 
life Management Area (or D\\7MA, a reseixe 
for the desc'i't tortoise, Gophcnis a^assizii: nos. 
2a and 2b in Fig. 4), the existing Beax^r Dam 
xvilderness areas that extend into Utah from 
Arizona (4), and the Lx tle Ranch Preserx e (5). 
Although all of these protected areas plax 
important roles in conserving regional biodi- 
x'crsitx; 2 of the largest areas, Zion National 
Park and designated Forest Serx iee xvilderness 
in the Pine Nhllex’ Mountains, are generallx' 




4. Map of sontluvcsk'ni I tali (Wasliin^ton Omiity) sliowing pattcans of land ownership and existinu; and proposed protected areas. Ditlerent shade’s identify jiriNateh lu’hl 
lands (white’), BLM lands (lightest gra> ), and tlu’ eheekerhoard pattern of slate’ lands iiiterspeaseel within the HLM lanels. Stars locale' the’ majeir nrhan are’as: Iroin west to east llu’se 
are i\ ins, St. Cle’oru;e (large- star), Wasliington, Hurricane, and l.,a Nerkin. Cairrent or proposeel protected areas inchule’ Zion Xational l\irk, the’ Fine’ \alle’\ Mountain w ilelerne ss aiea 
within the’ I^ixie’ National Fore’sl (1), Upper N’irgin Hi\ {’r DW'MA (2), the’ proposed Be’aver Dam Wash anel jeishna dVe’e’ wilele’rness are’as on BL.M land '3a and 3h, respe’cli\ (‘1\ ), the- 
( xisling B(’a\ er Dam Mountains w ilck’rness em Bl Al land (4), and the’ I a lie* Hanch Freserx e’ (5). 
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too high in elevation and/or too far to the 
northeast to include many Moja\e Desert 
species. The Upper \ ngin Ri\er D\\^MA will 
protect lower elevation communities and will 
include some Moja\e Desert taxa. However, 
many Mojave Desert species in Utah do not 
extend northeast of the Beaver Dam Moun- 
tains, and existing protected areas on the 
Bea\ er Dam slope are relativeK^ small and iso- 
lated from each other (Fig. 4). By \irtue of both 
size and location, 2 PWAs, the Bea\er Dam 
Wash and Joshua Tree units (nos. 3a and 3b, 
respectiveK; in Fig. 4; see UWC 1990), could 
make important contributions to biodiversitv 
conservation in Utah. Together these 2 units 
cover a range of elevations, include several 
distinctix'e plant communities not represented 
in the Upper \irgin River DWMA, and are 
close enough to one another and to the exist- 
ing protected areas to sen^e as stepping stones 
for animal movement. 

We illustrate the eonser\ation value of 
these 2 PW^As through an example. The heipeto- 
fauna of the Moja\ e Desert includes 3 anu- 
rans, 1 tortoise, 16 lizards, 18 snakes, and about 
28 additional species whose distributions are 
peripheral but extend into this desert along 
one of its edges (StewTirt 1994). The portion of 
this huina ranging into Utah includes 2 anu- 
rans, the turtle, and 13 squamates (5 lizards 
and 8 snakes). Their distributions across exist- 
ing or proposed protected areas are summa- 
rized in Table 3. Of this total, the relict leop- 
ard frog (Rana onca) apparently is extinct in 
Utah (Platz 1984, Jennings and Hayes 1994) 
and therefore absent from all existing and pro- 
posed protected areas in Washington County. 
The other anuran confined to this part of Utah 
is the soutlwvestern toad {Biifo microscaphus). 
It is known to exist with certaint)’ in several 
areas and is likeb^ widespread throughout the 
region where appropriate aquatic habitats 
exist (Table 3). 

The desert tortoise {Goplieriis agassizii) has 
been studied extensively o\ er the past decade 
and intermittenth^ for a much longer period of 
time (Woodbury and Hard\ 1948, Bur>’ and 
Germano 1994, Gro\er and DeFaleo 1995). 
\\ bile Utah populations ha\^e apparent!)' de- 
clined in the Bea\'er Dam slope area, they 
persist at high densities north of St. George 
(data summarized in Buiy and Germano 1994) 
and are now' protected in the \irgin Ri\er 
DWMA. Protection of the proposed Joshua 



Tree and Beaver Dam Wash w ilderness areas 
w ould thus provide an economical wdy to aug- 
ment consen ation of tortoise populations con- 
fined to the south-focing slopes of tlie Beaver 
Dam Mountains. 1 

Of tlie 13 squamate reptiles listed in Table 3, 
nine are confined to either the Moja\ e habitats 
proper (sites 3a, 3b, 4, and 5 in Fig. 4) or to 
these sites plus the Upper Wrgin Ri\ er DWaMA 
(sites 2a and 2b in Fig. 4). Four species have 
more extensive distributions because they are 
also recorded from Zion National Park. Among 
the 9 squamates with restricted distributions, 
the lizards Helodenna siispeciiim and Xantusia 'i 
vigilis and the snakes Crotalus cerastes and • 
Leptotyphlops hiimilis uvciy occur at all 5 MoJa\ e 
sites, although this needs to be confirmed | 
through additional fieldwork. Xantusia vigilis ' 
also occurs further east in isolated populations | 
in Garfield and San Juan counties, and previ- 
ous molecular studies by Bezy and Sites (1987) i 
show' deep genetic divisions among many iso- ' 
lated populations. Many of these isolates w'ould 
qualify as full species, following the criteria of 
Davis and Xixon (1992), but the specific status 
of the isolated Utah populations remains un- 
known. The lizard CaUisaurus draconoides 
occurs with certainty in the upper Wrgin Ri\ er 
DWUMA (in Snow' Canyon State Park), Beaver 
Dam Wlish PWA, and L)4le Ranch Preserx e 
(sites 2a, 3a, and 5 in Fig. 4), The iguana [Dip- 
sosaiinis dorsalis) is know'ii confident!)' from 
onl)^ the lower Beax'er Dam Wcisl) PWA, 
although it ma)' occur at low' densities in the 
other 3 Mojave sites. Among the snakes, Cro- 
taliis scutidatus is confined to the 4 strict 
Mojave Desert areas, and C. initciiellii is know'n 
with certainty from onb the higher elevation 
Mojave sites (3b and 4, although the other 2 
locations are possible). Based on a new' snake 
record for Utah, Phijllorhijnchiis decurtatus is 
know'll from a specimen (BYU 45605) taken on 
11 Jul)' 1995, ca 1.5 mi X of the Utah-Arizona 
border along the Beax er Dam slope l oad. Based 
on this record, the species like!)' occurs in the 
Beaxer Dam Wash and Joshua Tree areas (3a 
and 3b), xvhich are similar in x egetatix e struc- 
ture to the collecting site, and possibly at the 
other Mojaxe Desert sites as xxell. Regardless 
of exact distributions, all 9 squamate species ‘ 
xvith the most restricted distributions xvoiild 
benefit by xvilderness designation of the pro- ' 
posed Beax er Dam Wash and Joshua Tree units 
(UWC 1990); and for 7 species (C. draconoides^ 
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Table 3. Distribuliou oramj:)liil)ians and reptiles restricted to soiilliwestern I tali, relati\ e to existing protected areas 
and Bea\ er Dam \\ash and Joslnia Tree units of proposed Bl.M wilderness iiielnded in ll.B. 1500. 'flie areas numbei c'd 
are shown in Figure T'. The proposed Red Mountain and Cottonwood Canyon wilderness arenas (FW(> 1990) are not 
illustrated because tli(‘y are largeh' (Red Mountain) or entirely (Cottonwood (Canyon) contained within the Upper \ 'irgin 
River DWMA. 



Zion National 

Ta.xon Paik 


Dixie N.E 
Wilderness 

(1) 


Upper \'irgin 
River DWMA 
(2A, 2B) 


Bea\ er Dam 
Wash 

W'ikh'niess 

(3A) 


Joslnia life 
\Vil(l(*rness 

(3B) 


Beaver Dam 
Wilderness 

D) 


L\ tie 
Raneli 
(5) 


A.\UR\ 

R(uia onca 
















Bufo inicroscapluis 


+ 


-(?) 


-(?) 


+ 


-(?) 


-(?) 


+ 


Testudlnes 

Go))hcnis af^assizii 


— 


— 


+ 


+ 


+ 


+ 


+ 


SpUA.M.XTA 

Callisaurus 

draco}wi(les 






-H 




p 


p 


+ 


Coleonyx voriegatiis 


+ 


-(?) 


+ 


-b 


+ (?) 


+(?) 


+ (?) 


Dipsosaiinis 

dorsalis 








+ 


p 


p 




llclodcrma suspcctwn 


— 


— 


+ 


+ 


p 


p 


+ 


Xantusia vigilis 


— 


— 


+ (?) 


+ 


+ 


+(?) 




Crotalus cerastes 


— 


— 


+ 


+ 


+ 


+(?) 


+ 


Crotalus mitcbellii 


— 


— 


. — . 


p 


+ 


+ 


p 


Cj'otalus scutulatus 


— 


— 


— 


+ 


-t- 


+ 


+ 


Leptotypidops 

humilis 






+ 


+ 




p 


+ (?) 


Mastieophis 

flagellum 


+ 


-(?) 


+ 


+ 


+ 


+ 


+ 


Phyllorhynehus 

decurtatus 






_ 


+ (?) 


+ (?) 


+{?) 


+ (?) 


Sonora 

soniannulata 


+ 


-(?) 


+(?) 


+ 


+ (?) 


+(?) 


+C^) 


Trimorphodon 

biscutatus 


-h 


-(?) 


+ 




+ 


+ 


+ 



^Distributions were inferred from localiU' records available in research collections of California Academy of Sciences; M. L. Bean Life Sciences Museum. 
Brigham Young I niversity, Provo, Utah; Museum of \ ertebrate Zoologs; UniversiW of Calitomia, Berkeley; Utah Museum of Natural Uistoiy, University of 
Utah, Salt Lake Cih'. Species listed as present ( + ) if they (1) exist as museum \ oucher specimens, (2) have been documented photographically but not collected 
because of threatened or endangered status, or (3) have been collected near a protected area and are known to occup\' the appropriate habitat. For example, 
Stewart (1994) summarized distributions of all Mojax e Desert amphibians and reptiles on the basis of their occuirence in distinct habitat types, and we used 
these data as an indication of the likely presence of a species in an area if not actually documented. Doubts about any occurrences are indicated by (?). 



D. dorsalis, the 3 species of Crotalus, L. 
Immilis, and E deciuiatus), these 2 PWAs \M4uld 
constitute the largest blocks of protected area 
in the Utah portions of their distributions. 

The biological significance of the Mojave 
Desert region could be illustrated with com- 
parable examples involving native birds, small 
mammals, and vascular plants; literalh' scores 
of species are restricted to the low-elevation 
Joshua tree habitats on the southwesteni slopes 
of the Beaver Dam Mountains (see Behle et al. 
1985, Albee et al. 1988, and Zeveloff 1988 for 
recent species compilations). Although most 
are on the penpheiy of their ranges, it is increas- 
ingly apparent that such peripheral popula- 
tions are critical to maintaining genetic diver- 
sity and to ensuring the long-term sun ival of 



species (Furlow and Annijo-Prewitt 1995, Lesica 
and Allendorf 1995, Lomolino and Channell 
1995). Designation of the Beaver Dam Wash 
and Joshua Tree PWWs as wilderness would 
provide an extremely economical, proactive 
consenation strateg}^ for many species. 

Impact of Roads on Pl/VNT 
AND Animal Communities 

By definition under the 1964 Wilderness 
Act, wilderness areas must be large (at least 
5000 acres) and roadless. Because even some 
remote and pristine areas contain primitive 
roads or tracks, roadlessness is often an issue 
in debates over wilderness designation. Emi- 
ronmentalists tend to argue that the existence 
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of minor roads or dirt tracks is not contradic- 
ton^ to \\ildeniess, l)iit that no new roads should 
l>e l)iiilt. Wilderness opponents respond that 
ain^ road, no matter how primitive, disqualifies 
FWAs for wilderness status. Decision makers 
may he pressured to make exceptions to allow 
new roads and water development within 
wilderness boundaries. Flere, we review^ tlie 
ol)jecti\'e evidence bearing on the importance 
of roadlessness from a purely In’ological per- 
spective. We deal with the effects of roads on 
animals and plants independently. 

Effects of Roads on Animals 

Roads affect wildlife in many ways, both 
direct and indirect. Among tlic more com- 
monly reported acb^rse impacts of roads on 
animal populations are road mortalities, animal 
avoidance of roads, isolation of populations by 
roads acting as barriers to animal movement, 
reductions in natural habitats, increased poach- 
ing, and elevated erosion leading to siltation of 
aquatic luibitats. On Ltah BLM lands, large 
mammals such as bighorn sheep (Ovis cana- 
densis). black bear, and river otter are gener- 
alK intolerant of human disturbance and activ- 
ities. These and other mammals are known 
also to avoid habitat adjacent to roads (Oxle)’ 
et al. 1974, Rost and Bailey 1979, Mader 1984, 
Witmer and Calesta 1985, Yiiu Dyke et al. 
1986) and can therefore be displaced b)^ tlie 
presence of roads. Historically, humans in 
western North America have also persecuted a 
number of contemporan^ or former occupants 
of BLM lands; such species include Golden 
and Bald Eagles, gra> wolf, and grizzly bear 
(Bortolotti 1984, Mech 1995). In Utah, tlie in- 
cidence of poaching is considerably higher in 
regions adjacent to roads than in roadless areas 
{\y. Woody, UDM'R, personal communication). 

The negative effects of roads on wildlife can 
generally be ameliorated by closing the roads 
to traffic. Road mortalit) and the advance of 
habitat alteration along roads should stop en- 
tirely, and poaching should be sharph^ cur- 
tailed. For larger animals, roads would likely 
cease to act as barriers to animal lno^ement 
and gene flow. However, this might not be true 
for some smaller species, whose ino\ ements 
are more restricted generalK'. Significant ero- 
sion and siltation of aiiuatic habitats might be 
reduced onb' slightly. Siltation can be an impor- 
tant consideration, for example, on the A(|uar- 
ius Plateau, where reductions (by as much as 



1/2) in the depths of some naturally sluillow 
lakes have already increased winter fish kills. 
Final h; if efforts were made to reintroduce 
some of tlie large mammals considered above, 
these efforts might be greatly facilitated by the 
protection of large blocks of roadless lands 
that experience minimal liuman intrusion. 

In suminar>; if travel on minor roads and 
tracks were to be permanentb^ restricted, most 
but not all of the negative effects on wildlife 
would likely be ameliorated. Similar reasoning 
would suggest that the effects of any new im- 
paved minor roads or tracks might be minimal 
if the roads were used briefb' and sporadically, 
e.g., to earn' communications equipment. 

Effects of Roads on Plant Gommunities 

The most compelling argument for large 
roadless areas is probabb' the protection of plant 
communities from disturbances that can even- 
tualb^ transform whole ecosystems. Through 
both direct and indirect effects, roads tend to 
dismpt nati\ e communities of both microphytes 
and macrophy tes. Increased off-road vehicle 
traffic in roaded areas directly harms ciyptobi- 
otic soil crusts, which play^ a key role in main- 
taining healthy ecosy stems in semiarid and 
arid lands, and kills or injures plants and per- 
haps soil-nesting insects like bees and wasps. 
Indirect effects include the introduction of 
nonnative pest plants, which have gradually 
replaced many nati\ e species and drastically 
altered features of certain habitats. The eco- 
sy'stem-wide effects of these exotics are w'ell 
illustrated by' Asian tamarisk {Tamarix cliinen- 
sis), winch lias channelized ri\ ers and streams 
throughout the Golorado drainage and thereby' 
altered the characteristics (flow' regimes, tem- 
peratures, and sediment loads) of both acjuatic 
aiul riparian habitats to tlie detiiment of num- 
erous nati\e fishes, insects, birds, mammals, 
and plants (Loope et al. 1988, Sudbrock 1993). 
Below', w e elaborate on the direct and indirect 
effects of roads on plant communities and on 
the maintenance of both biodi^'ersity' and nat- 
ural networks of interactions in Utahs native 
ecosy stems. 

Threats to cryptoriotic soils. — Across 
Utah’s arid rangelands, a eollection of cyano- 
bacteria, algae, licliens, and mosses form micro- 
phytic or cryptobiotic crusts on soil surfaces. 
In pristine plant communities tliese cnists often 
account for at least as much soil surface cover 
as do vasculai' plants. The en ptophy tes pixwide 
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a iiimiber of valuable ecosystem seniees (re- 
\ae\vecl in Harper and Marble 19ScS, West 
1990, and Johansen 1993), including stabiliza- 
tion of soils against wind and water erosion, 
enhancement of water retention and infiltra- 
tion (Brotherson and Rushforth 1983, Harper 
and St. Clair 1985, Haiper and Marble 1988), 
and nitrogen fixation by autotrophic bacteria, 
including both free-living and symbiotic cyano- 
bacteria (e.g., Snyder and Wullstein 1973, West 
and Skiijins 1977, Klubek and Skujins 1980, 
Terry and Burns 1987). Their contribution to 
the nitrogen economy of these arid ecosystems 
is substanti\ c. In southeni Utah grasslands and 
cold deserts dominated b\^ pinyon pine and 
juniper, nitrogen fixation by crusts is demon- 
strably the dominant source of nitrogen for 
vascular plants (Evans and Ehleringer 1993). 
The greater soil moisture and fertility associ- 
ated with biotic crusts have been shown to 
result in higher tissue nutrient levels (Belnap 
and Harper 1995 and references therein), 
higher seedling survi\ orship in associated vas- 
cular plants (St. Clair et al. 1984, Harper and 
St. Clair 1985, Belnap 1994), and greater (a) 
lloristie diversity (Kleiner and Harper 1972). 
Herbiv'ores and other consumers ma}^ benefit 
indirectly from the enhanced nutrient status of 
these ecosystems (llaiper and Pendleton 1993, 
Belnap and Harper 1995). 

Growing recognition of the importance of 
eiyptobiotie crusts to ecosystem processes has 
led to concern about the impact of disturbance 
by recreational users and nonnative grazers on 
such surfaces (Anderson et al. 1982, Johansen 
et al. 1984, Terry and Burns 1987, Cole 1991, 
Evans and Ehleringei' 1993, Belnap et al. 
1994, Belnap 1995). On most semiarid Utah 
lands, a single pass of an off-road vehicle will 
reduce nitrogen fixation b>^ cyanobacteria and 
increase wind and water erosion of surface 
soils (Williams et al. 1995). Estimates of time 
to full recoN ei*>' of disturbed biotic ciTists (includ- 
ing niti'ogen-fixing capaeit\) l ange up to 50 \ ears 
in the Great Basin or 100 years on the Colorado 
Plateau (J, Belnap personal communication). 

The full biological and economic conse- 
quences of disturbing biotic crusts remain to 
be quantified. However, in semiarid ecosys- 
tems where plant productivity is limited b\^ 
availability of water and nitrogen, even small 
reductions in these resources can be expected 
to diminish primary productivity to the detri- 
ment of both the producers themselves and 



the main consumers depending directly or in- 
directly on these producers for food. I laipc'r and 
Pendleton (1993) have suggested that destruc- 
tion of soil crusts, and associated changes in 
forage quality, may be related to a decline in 
the healtli ol desert tortoise populations in 
southwesteni Utah ((hover and DeEalco 1995). 
If that suggestion is supported by empirical 
evidence in the ftiture, then destruction of emsts 
may account in part for the -^SIO million cost 
(to date, T. Esque personal communication) of 
the Desert Tortoise Recovery Program. 

Roads as corridors for invasions of 

INTRODUCED SPECIES. — Possibly the greatest 
adverse impact of roads on biological commu- 
nities in Utah is the aggravation of invasions of 
aggressive weeds along road coi'ridors, where 
disturbance from road construction has elimi- 
nated native competitors. These introduced 
plants now form the dominant cover on many 
arid and semiarid landscapes in western North 
America and are widespread in Utah (Mack 
1981, Morrow and Stahlman 1984, Young et 
al. 1987, papers in McArthur et al. 1990 and 
Monsen and Kitchen 1994). Habitat degrada- 
tion by nonnative, congregating grazers un- 
doubtedly aided the initial spread of brome 
grasses (genus Bromiis) and other European or 
Asian annuals into native habitats, including 
grasslands previously dominated b\^ caespitose 
or tussock grasses (Young and Evans 1971, 
Loope 1976, Mack 1981, 1989, Billings 1990, 
1994). Brome grasses (red brome [B. nibens], 
Japanese brome [B. japoniciis], downy brome 
[B. mollis], ripgut brome [B. diandnis], and 
especially eheatgrass [B. teeforum]) ha\x greath 
increased fire frequency (from an a\’crage of 
60-110 yr to <5 yr in sagebrush steppe), as 
well as altered the pattern and dynamics of 
fires (e.g., Whisenant 1990). In\mled lands suf- 
fer declining produchh ity (Stewart and Young 
1939) and watershed damage (Buckhouse 1985) 
and become drasticalK' depleted in both nati\ e 
plant species and eiyptobiotie soil cnists (Young 
and Evans 1978, ^Vhisenant 1990, Billings 1990, 
1994, Rosentreter 1994; Fig. 5). Treatments to 
restore these lands often involve introductions 
of still other exotics (e.g., Agropi/rou crisfafium 
Kocliki prostratci; see contributions to MeAi'thur 
et al. 1990 and Monsen and Kitchen 1994). 

The influx of invading weedy annuals has 
profound effects on genetic, species, and eco- 
system diversity, although such effects remain 
poorly documented. In some parts of Utah, 
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Harner Quadrats (1.0 YdO 
124 Quadrats 




Fie;. 5. Relatioii.sliip of hotli total species richness, and 
nninhers of native species per quadrat, to the mini her of 
individuals of introduced species per quadrat; plotted 
from raw data in Harner and Harper (1973). Data are 
from sae;ehrnsh-grasslands on private and BLM foothill 
lands in Salt Lake, Davis, and Tooele counties. 



bronie grasses form virtual monocultures, en- 
tirely replacing native communities, especially 
in wet years (e.g., Pellant and Hall 1994, and 
authors’ obseiwations). In other western states 
brome grass invasions threaten state or feder- 
ally listed plant species (Rosentreter 1994, 
California Native Plant Society, personal com- 
munication). Effects of habitat conversion 
radiate upward through the food chain, and 
adverse effects have been documented on 
pronghorn {Antilocapra americami) and deer 
(Pellant 1990, Roberts 1994), small vertebrate 
prey of eagles and other raptors (Koehert and 
Pellant 1986, Nydegger and Smith 1986), native 
birds (Dobler 1994), and insects (Fielding and 
Brusven 1994). As summarized by Billings 
(1994), exotic annual grasses could constitute 

a genuine tlncat to the e.xistence of large inte- 
grated cc-osy.stems that have e.\i.sted since the 
Pleistocene in tlie rclati\el\ arid lands between 
the Rock) Mountains and Sierra Nevada. These 
operational ecosystems could disappear over large 
areas of thousands of square kilometers. 

A very high priority for future ecological 
w^ork in Utah will be to determine the extent 
to which the remote BLM lands being consid- 
ered for wilderness status might serve as ref- 
uges for native flora and fauna. Seeds of brome 
grass, dispersed by animal vectors, certainly 
travel over long distances and into wilderness 
areas. However, large roadless areas with low 



cii'cumfej ence-to-area ratios might protect arid 
and semiaiid westeni ecosystems against whole- 
sale habitat eonv^ersion. E.xotic weeds tend to 
invade nativ e plant communities mainly along 
roadsides, raih’oad right-of-ways, and other 
highly disturbed sites (Forcella and Harvey 
1983, Hunter 1990, literature cited in Billings 
1990 and 1994; see also Bergelson et al. 1993). 
Fav orably w et drainage ditches provide inroads 
to new habitat, and invaders spread outward 
from the ditches during particularly w et years. 
Although systematic sun ev's of nonnatives do 
not presently exist for PWAs (and are sorely 
needed), there is evidence that invasions of 
exotic vv eeds may be prev ented by restricting 
access on existing roads. Thus, of the replicate 
roadsides studied bv Hunter (1990), introduced 
species (including not only brome grasses but 
Erodiiim cicutariiun, Salsola spp., and Sisijm- 
brimii alfisshiunii) dominated all but the one 
that had been closed to traffic and left undis- 
tui'bed for many years prior to censusing. 

The effects of roads on plant communities 
appear to difl'er importantlv' from those on ani- 
mal communities. Construction of new roads, 
especially those with drainage ditches, mav 
hasten long-term and permanent changes to 
local floras, and these changes may ev^entually 
have markedly adv erse effects on whole eco- 
systems. Existing dirt tracks are probably less 
threatening to plant communities; although 
moisture conditions on the tracks may be as 
fav orable here as in drainage ditches, soil com- 
paction appears to i*ctard grow th of most plants. 

Giv^en the costliness of aggressiv e fire sup- 
pression (e.g., Miil 1994) and habitat restoration 
measures (see repoi ts in McArthur et al. 1990 
and Monsen and Kitchen 1994), tlie most eco- 
nomical strategv' for prev enting the spread of 
introduced grasses to areas that are still rela- 
tively pristine mav’ be to maintain their road- 
less eharactei'. This also w otild prov ide oppor- 
tunities for investigating the effects of roads 
(or lack thereof) on the adv ance of exotic 
plants on arid lands in Utah. 

CoxcLl sioxs 

Wilderness serves manv^ puiposes, and its 
designation involv es manv’ and varied consid- 
erations. The t('chnical issues and evidence 
presented here demonstrate that BLM wilder- 
ness lands can play a majur and perhaps pre- 
dominant role in safeguarding genetic, species, 
and ecosvstem diversitv across much of arid 



Wn.DKHNESS Si:L1’XTI()\ 1<()K kksity 



113 



1996] 

Utah. ()\er the long term, large, contiguous 
networks of w ilderness and other protected 
lands can pixnade sanctuaiy for populations of 
animals w ith large area requirements, and can 
help maintain natural processes and interac- 
tions that sustain healthy biotic communities. 
In many situations, w ilderness designation can 
pro\ ide low^-cost protection for rare and en- 
dangered species. BUM lands in geographi- 
cally diverse regions of Utah all offer imicine 
ecological, scientific, and educational values. 
To an extent so far unmeasured, wilderness 
lands may protect nati\e ecosystems from 
w holesale transformation b\^ invasions of exotic 
species. Clearly, if biological considerations 
are taken into account in wilderness decisions, 
wilderness can play a critical role in the long- 
term presen ation of Utah’s biological heritage. 
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